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(57) ABSTRACT 

In an auxiliary capacitance electrode of each pixel region, a 
side end on one side in a direction in which a drain electrode 
crosses an end of a gate electrode so as to enter from the 
outside of the gate electrode to the inside thereof is disposed 
inside of an auxiliary capacitance line, and a side end on the 
other side in a direction in which the drain electrode crosses 
the end of the gate electrode so as to go out from the inside of 
the gate electrode to the outside thereof is disposed outside of 
the auxiliary capacitance line. 

9 Claims, 19 Drawing Sheets 
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FIG. 3 
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FIG. 9 
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ACTIVE MATRIX SUBSTRATE AND LIQUID 
CRYSTAL DISPLAY DEVICE 

TECHNICAL FIELD 

The present invention relates to an active matrix substrate 
and a liquid crystal display device. 

BACKGROUND ART 

Liquid crystal displays have characteristics that they are 
thin and that they require low power consumption. Making 
use of these characteristics leads to wide use of liquid crystal 
display devices, liquid crystal displays have conventionally 
been used in a wide range as displays of the whole devices 
which are not limited to common devices, such as television 
sets and personal computers, but include measurement hard 
ware, medical equipment and industrial equipment. As the 
liquid crystal display device, an active matrix drive liquid 
crystal display device is known in which a TFT (thin film 
transistor) is provided for each pixel, that is the minimum unit 
for displaying an image, so as to allow a fine image to be 
displayed. 
The active matrix drive liquid crystal display device com 

prises an active matrix substrate on which a plurality of TFTs 
mentioned above are provided, a counter substrate which is 
disposed to face the active matrix Substrate and on which a 
common electrode and the like are formed, and a liquid crys 
tallayer provided between the active matrix substrate and the 
counter Substrate. 

FIG. 17 is a plan view schematically showing part of a 
conventional active matrix substrate. 

In the active matrix substrate, as shown in FIG. 17, a 
plurality of source lines 100 extending in parallel to one 
another and a plurality of gate lines 101 extending in parallel 
to one another are provided to intersect. On the active matrix 
substrate, each TFT 102 is provided near the corresponding 
intersection of the source line 100 and the gate line 101, and 
a plurality of pixel electrodes 104 (shown in a transmission 
form) which are electrically connected to the corresponding 
TFT 102 through contact holes 103 formed in an insulating 
film (not shown) covering the TFTs 102 is formed in a matrix 
form. 

Further, on the active matrix substrate, a plurality of aux 
iliary capacitance lines 105 are provided to each extend 
between the gate lines 101. Provided on each auxiliary 
capacitance line 105 are a plurality of auxiliary capacitance 
electrodes 107 formed to be integrated with drain electrodes 
106 of the corresponding TFTs 102, and auxiliary capaci 
tances for holding potentials written in the corresponding 
pixel electrodes 104 are formed between the auxiliary capaci 
tance line 105 and the auxiliary capacitance electrodes 107 
which overlap each other. 

FIG. 18 shows a relationship among signal patterns which 
are applied to a gate line, a source line and a pixel electrode, 
respectively. As shown in FIG. 18, when a potential Vgh is 
applied to a gate line, a TFT connected to the gate line is 
turned on, and a potential V which has been applied to a 
source line connected to the TFT is applied via a drain elec 
trode to a pixel electrode. At this point, writing is performed 
until a potential Vo of the pixel electrode reaches the same as 
the potential V of the source line. When a potential Vgl is 
applied to the gate line, the potential of the pixel electrode 
drops, which results in a difference AVgd from the potential 
Vo upon completion of the writing. The difference AVgd 
resulting from the drop of the potential of the pixel electrode 
is generated by a parasitic capacitance between a drain elec 
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2 
trode and a gate electrode in each pixel, and is called a 
feedthrough Voltage. In cases where the feedthrough Voltage 
AVgd varies from one pixel to another, display defects, such 
as brightness unevenness and flicker, are likely to be visually 
recognized. 
The feedthrough voltage AVgd is simply expressed by the 

following equation. Note that Vgpp represents a difference 
between Vgh and Vg1 (Vgh-Vgl), Cgd represents a parasitic 
capacitance between a gate electrode and a drain electrode, 
Cs represents an auxiliary capacitance, and Clc represents a 
liquid crystal capacitance. 

In recent years, as upsizing of display screens of television 
sets and the like have been demanded, the sizes of active 
matrix Substrates have become larger. To manufacture an 
active matrix Substrate, pattern formation is usually per 
formed using photolithography to form lines and electrodes. 
In photolithography at the time of manufacturing a large 
sized active matrix Substrate, performed as an exposure pro 
cess in which a resist applied onto a glass Substrate is exposed 
through a photomask is an exposure process of a step-division 
exposure method. In the exposure process of this method, a 
photomask Smaller than a glass Substrate is disposed on the 
glass Substrate, and exposure is performed in a divided man 
ner using a plurality of shots while the glass Substrate is 
moved stepwise and the photomask is replaced as necessary. 

In the exposure process of the step-division exposure 
method, a resist on a glass Substrate is exposed in a divided 
manner using a plurality of shots, and therefore exposure with 
relatively high alignment accuracy is required among a plu 
rality of blocks defined for the corresponding areas on the 
glass Substrate which are exposed in the shots. Ifan alignment 
error of an exposure device occurs in each block, arrangement 
relationships among lines, electrodes and a semiconductor 
layer and the like differ from one block to another, and there 
fore the parasitic capacitance Cgd, which is determined by the 
overlapping area of the gate electrode and the drain electrode, 
differs from one block to another. As a result, there is a 
difference in feedthrough voltage from one block to another, 
which makes it easy for brightness irregularities among 
blocks to be visually recognized on a display Screen. 

In a liquid crystal display device disclosed in PATENT 
DOCUMENT 1, widths of portions of a semiconductor layer 
in a TFT and a drain electrode overlapping the semiconductor 
layer which cross an end of a gate electrode are made Smaller 
than the width of the drain electrode which is a channel width 
of the TFT. This can decrease the difference among blocks in 
the overlapping area between the gate electrode and the drain 
electrode which is caused by an alignment error in a direction 
perpendicular to the channel width. 

CITATION LIST 

Patent Document 

PATENT DOCUMENT 1: Japanese Patent No. 3881 160 

SUMMARY OF THE INVENTION 

Technical Problem 

However, even with a liquid crystal display device of 
PATENT DOCUMENT 1, an alignment error of an exposure 
device occurs among blocks in the exposure process at the 
time of forming the drain electrode, both the arrangement 
relationship between the auxiliary capacitance electrode 
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formed to be integrated with the drain electrode and the 
auxiliary capacitance line and the arrangement relationship 
between the gate electrode and the drain electrode differ from 
one block to another, and therefore the auxiliary capacitance 
Cs, which is determined by the overlapping area of the aux 
iliary capacitance electrode and the auxiliary capacitance 
line, varies from one block to another. As a result, both varia 
tions of the parasitic capacitance Cgd and variations of the 
auxiliary capacitance Cs occur among blocks. There is there 
fore a possibility that these two factors together prevent dif 
ferences in the feedthrough Voltage AVgdamong blocks from 
being fully Suppressed, which results in brightness irregulari 
ties being visually recognized on a display Screen as 
described above. Thus, this liquid crystal display device has 
room for improvement. 
The present invention has been made in view of such 

issues, and an object of the invention is to Suppress variations 
of a feedthrough Voltage generated by a parasitic capacitance 
between a gate electrode and a drain electrode. 

Solution to the Problem 

To achieve the above object, according to this invention, in 
each of auxiliary capacitance electrodes in the corresponding 
pixel regions, a side end on one side in a direction in which the 
drain electrode crosses an end of the gate electrode so as to 
enter from the outside of the gate electrode to the inside 
thereof is disposed inside of the auxiliary capacitance line, 
and a side end on the other side in a direction in which the 
drain electrode crosses the end of the gate electrode so as to go 
out from the inside of the gate electrode to the outside thereof 
is disposed outside of the auxiliary capacitance line. 

Specifically, an active matrix substrate of the invention 
comprising a plurality of pixel regions defined in a matrix 
form, a plurality of source lines provided to extend in parallel 
to one another between the pixel regions, a plurality of gate 
lines provided to extend in parallel to one another in direc 
tions intersecting the source lines, a plurality of auxiliary 
capacitance lines provided to each extend between the gate 
lines, a plurality of thin film transistors each having a gate 
electrode electrically connected to one of the gate lines, a 
semiconductor layer provided to overlap the gate electrode, a 
source electrode provided to overlap the gate electrode and 
the semiconductor layer, the source electrode being electri 
cally connected to one of the Source lines, and a drain elec 
trode provided to cross an end of the gate electrode so as to 
overlap the gate electrode and the semiconductor layer, and a 
plurality of auxiliary capacitance electrodes provided in the 
corresponding pixel regions so as to extend along the auxil 
iary capacitance lines and to overlap the auxiliary capacitance 
lines, in the same layer as the drain electrode of each of the 
thin film transistors, wherein, in each of the auxiliary capaci 
tance electrodes of the pixel regions, a side end on one side is 
disposed inside of one of the auxiliary capacitance lines, the 
side end on one side being in a direction in which the drain 
electrode crosses the end of the gate electrode so as to enter 
from outside of the gate electrode to inside thereof, and a side 
end on another side is disposed outside of the one of the 
auxiliary capacitance lines, the side end on another side being 
in a direction in which the drain electrode crosses the end of 
the gate electrode so as to go out from the inside of the gate 
electrode to the outside thereof. 

With this configuration, in the auxiliary capacitance elec 
trode in each pixel region, a side end on one side in a direction 
in which the drain electrode crosses an end of the gate elec 
trode so as to enter from the outside of the gate electrode to the 
inside thereof is disposed inside of the auxiliary capacitance 
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line, and a side end on the other side in a direction in which the 
drain electrode crosses the end of the gate electrode so as to go 
out from the inside of the gate electrode to the outside thereof 
is disposed outside of the auxiliary capacitance line. This 
causes the overlapping area of the auxiliary capacitance elec 
trode formed in the same layer as the drain electrode and the 
auxiliary capacitance line to vary in accordance with and 
together with the variation of the overlapping area of the gate 
electrode and the drain electrode. That is, in cases where the 
drain electrode deviates toward a side of the direction in 
which the drain electrode crosses the end of the gate electrode 
so as to enter from the outside of the gate electrode to the 
inside thereof, which results in an increase in the overlapping 
area of the drain electrode and the gate electrode, the auxiliary 
capacitance electrode also deviates toward the side of the 
same direction as the drain electrode, which causes the over 
lapping area of the auxiliary capacitance electrode and the 
auxiliary capacitance line to be increased by the amount 
corresponding to the deviation of the drain electrode. Alter 
natively, in cases where the drain electrode deviates toward a 
side of the direction in which the drain electrode crosses the 
end of the gate electrode so as to go out from the inside of the 
gate electrode to the outside thereof, which results in a 
decrease in the overlapping area of the drain electrode and the 
gate electrode, the auxiliary capacitance electrode also devi 
ates toward the side of the same direction as the drain elec 
trode, which causes the overlapping area of the auxiliary 
capacitance electrode and the auxiliary capacitance line to be 
decreased by the amount corresponding to the deviation of the 
drain electrode. Accordingly, since an auxiliary capacitance 
between the auxiliary capacitance electrode and the auxiliary 
capacitance line can be increased and decreased in accor 
dance with an increase and a decrease of a parasitic capaci 
tance between the gate electrode and the drain electrode, 
effects of the parasitic capacitance and the auxiliary capaci 
tance on a feedthrough Voltage cancel each other. As a result, 
variations of the feedthrough Voltage, which is generated by a 
parasitic capacitance between the gate electrode and the drain 
electrode, are Suppressed. 

It is preferable that each of the auxiliary capacitance lines 
have a capacitance main line provided to extend along one of 
the gate lines, and a capacitance branch line provided to 
project to a side from the capacitance mainline, and that each 
of the auxiliary capacitance electrodes be provided to overlap 
the capacitance main line and the capacitance branch line. 

With this configuration, since each of the auxiliary capaci 
tance electrodes is provided to overlap both the capacitance 
main line and the capacitance branch line, the overlapping 
area of the auxiliary capacitance electrode and the auxiliary 
capacitance line increases, which results in an increase in 
auxiliary capacitance to decrease the feedthrough Voltage. In 
addition to this matter, by lengthening, in the auxiliary 
capacitance electrode, a portion which crosses the side end of 
the auxiliary capacitance line, it becomes possible to increase 
the auxiliary capacitance in accordance with an increase and 
a decrease in parasitic capacitance between the gate electrode 
and the drain electrode. This enables an increase and a 
decrease of the auxiliary capacitance with respect to an 
increase and a decrease in parasitic capacitance between the 
gate electrode and the drain electrode to be appropriately 
adjusted, so that variations of the feedthrough Voltage are 
Suppressed as much as possible. 

It is preferable that the plurality of pixel regions be 
included in a plurality of pixel region groups arranged along 
the Source lines, and that, in each of the pixel region groups, 
the source electrodes be connected to the same one of the 
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Source lines, and the gate electrodes are connected to the gate 
lines which differ from one another. 

With this configuration, in each pixel region group, the 
Source electrodes are connected to the same source line, and 
the gate electrodes are connected to the gate lines which differ 
from one another. Therefore, the number of source lines con 
nected to the source electrodes of each pixel region group can 
be made Smaller than that in cases where, in each pixel region 
group, the source electrodes are connected to the Source lines 
which differ from one another, and the gate electrodes are 
connected to the same gate line. This enables the number of 
Source driver IC chips, which are more expensive than gate 
driver IC chips, to be decreased, and therefore cost can be 
reduced. 
A liquid crystal display device according to the invention 

comprises the active matrix Substrate, a counter Substrate 
disposed to face the active matrix Substrate, and a liquid 
crystal layer provided between the active matrix substrate and 
the counter substrate. 

With this configuration, inclusion of the active matrix sub 
strate causes an auxiliary capacitance between the auxiliary 
capacitance electrode and the auxiliary capacitance line to be 
increased and decreased in accordance with an increase and a 
decrease of a parasitic capacitance between the gate electrode 
and the drain electrode. As a result, variations of a 
feedthrough Voltage generated by the parasitic capacitance 
between the gate electrode and the drain electrodes are Sup 
pressed. This makes it difficult for brightness irregularities to 
be visually recognized on a display screen. 

It is preferable that a vertical alignment layer and a plural 
ity of alignment regulating portions for dividing the liquid 
crystal layer into a plurality of domains for each of the pixel 
regions be provided on each of sides of the liquid crystallayer 
of the active matrix substrate and the counter substrate, and 
that at least part of the plurality of alignment regulating por 
tions beformed to overlap at least one of the auxiliary capaci 
tance lines and the auxiliary capacitance electrodes. 

With this configuration, the vertical alignment layer and 
the plurality of alignment regulating portions for dividing the 
liquid crystal layer into a plurality of domains for each pixel 
region are provided on each of the sides of the liquid crystal 
layer of the active matrix substrate and the counter substrate, 
and therefore, when a Voltage is not applied to the liquid 
crystal layer, just liquid crystal molecules near the alignment 
regulating portions are aligned in a tilted manner centered at 
the alignment regulating portions, and all other liquid crystal 
molecules apart from the alignment regulating portions are 
aligned perpendicular to the Surface of the active matrix Sub 
strate (counter substrate). When a voltage is applied to the 
liquid crystal layer, liquid crystal molecules apart from the 
alignment regulating portions are aligned in accordance with 
the tilted alignment of the liquid crystal molecules near the 
alignment regulating portions. This Suppresses the amount of 
transmitted light which varies with the angle of visual recog 
nition, thereby improving visual angle characteristics during 
displaying an image. This improvement increases the viewing 
angle. 

In areas where the alignment regulating portions are pro 
vided, the alignment of liquid crystal molecules is likely to be 
out of order, and therefore light transmittance is likely to 
decrease and light leakage is likely to occur. In areas where 
the auxiliary capacitance line and the auxiliary capacitance 
electrode are provided, the auxiliary capacitance line and the 
auxiliary capacitance electrode block light transmission to 
decrease the light transmittance. With the above configura 
tion, at least part of the plurality of alignment regulating 
portions is formed to overlap at least one of the auxiliary 
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6 
capacitance line and the auxiliary capacitance electrode. 
Therefore, compared to cases where at least part of the plu 
rality of alignment regulating portions is formed in another 
area, that is the plurality of alignment regulating portions is 
formed so as not to overlap either the auxiliary capacitance 
lines or the auxiliary capacitance electrodes, the decrease in 
light transmittance is Suppressed, and light leakage is Sup 
pressed from the areas where liquid crystal molecules are 
likely to be out of alignment, which results in an increase in 
COntraSt. 

It is preferable that each of the auxiliary capacitance lines 
have a capacitance main line provided to extend along one of 
the gate lines, and a capacitance branch line provided to 
project to a side from the capacitance mainline, and that each 
of the auxiliary capacitance electrodes be provided to overlap 
the capacitance main line and the capacitance branch line. 

With this configuration, each auxiliary capacitance elec 
trode is provided to overlap both the capacitance main line 
and the capacitance branch line, and therefore the overlap 
ping area of the auxiliary capacitance electrode and the aux 
iliary capacitance line increases, which results in an increase 
in auxiliary capacitance to decrease the feedthrough Voltage. 
In addition to this matter, by lengthening, in the auxiliary 
capacitance electrode, a portion which crosses a side end of 
the auxiliary capacitance line, it becomes possible to increase 
the auxiliary capacitance which increases and decreases in 
accordance with an increase and a decrease in parasitic 
capacitance between the gate electrode and the drain elec 
trode. This enables an increase and a decrease of the auxiliary 
capacitance with respect to an increase and a decrease in 
parasitic capacitance between the gate electrode and the drain 
electrode to be appropriately adjusted, so that variations of 
the feedthrough Voltage are Suppressed as much as possible. 

It is preferable that each of the auxiliary capacitance elec 
trodes be provided to extend along the capacitance main line 
and the capacitance branch line such that, in a plurality of 
portions among portions along the capacitance main line and 
the capacitance branch line, the side end on one side is dis 
posed inside of the auxiliary capacitance line, and the side end 
on another side is disposed outside of the auxiliary capaci 
tance line. 

With this configuration, in a plurality of portions among 
portions along the capacitance main line and the capacitance 
branch lines in each auxiliary capacitance electrode, side ends 
on the one side are disposed inside of the auxiliary capaci 
tance line, and side ends on the other side are disposed outside 
of the auxiliary capacitance line. This increases the auxiliary 
capacitance, which increases and decreases in accordance 
with an increase and a decrease in parasitic capacitance 
between the gate electrode and the drain electrode, more than 
the case in which, in just one portion among portions along 
the capacitance mainline and the capacitance branch lines of 
the auxiliary capacitance electrode, a side end on the one side 
is disposed inside of the auxiliary capacitance line, and a side 
end on the other side is disposed outside of the auxiliary 
capacitance line. 
A pixel electrode electrically connected to the drain elec 

trode may be provided in each of the pixel regions, each of the 
alignment regulating portions of the active matrix substrate 
may be made of a slit formed in the pixel electrode, and each 
of the alignment regulating portions of the counter Substrate 
may be made of a projection formed to project on the side of 
the liquid crystal layer. 

With this configuration, whena Voltage is not applied to the 
liquid crystal layer, just liquid crystal molecules near the slits 
and the projections are aligned in a tilted manner centered at 
the slits and the projections, and all other liquid crystal mol 
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ecules apart from the slits and the projections are aligned 
perpendicular to the surface of the active matrix substrate 
(counter substrate). When a voltage is applied to the liquid 
crystal layer, liquid crystal molecules apart from the slits and 
the projections are aligned in accordance with the tilted align 
ment of the liquid crystal molecules near the slits and the 
projections. This Suppresses the amount of transmitted light 
which varies with the angle of visual recognition, thereby 
improving visual angle characteristics during displaying an 
image. This improvement increases the viewing angle. 
A pixel electrode electrically connected to the drain elec 

trode may be provided in each of the pixel regions, a common 
electrode may be provided to overlap the pixel electrode, on 
the side of the liquid crystal layer of the counter substrate, 
each of the alignment regulating portions of the active matrix 
substrate may be made of a slit formed in the pixel electrode, 
and each of the alignment regulating portions of the counter 
Substrate may be made of a slit formed in the common elec 
trode. 

With this configuration, when a Voltage is not applied to the 
liquid crystal layer, just liquid crystal molecules near the slits 
of the pixel electrodes and the common electrode are aligned 
in a tilted manner centered at the slits, and all other liquid 
crystal molecules apart from the slits are aligned perpendicu 
lar to the surface of the active matrix substrate (the counter 
substrate). When a voltage is applied to the liquid crystal 
layer, liquid crystal molecules apart from the slits are aligned 
in accordance with the tilted alignment of the liquid crystal 
molecules near the slits. This Suppresses the amount of trans 
mitted light which varies with the angle of visual recognition, 
thereby improving visual angle characteristics during dis 
playing an image. This improvement increases the viewing 
angle. 

Advantages of the Invention 

According to the invention, in the auxiliary capacitance 
electrode in each pixel region, a side end on one side in a 
direction in which the drain electrode crosses an end of the 
gate electrode so as to enter from the outside of the gate 
electrode to the inside thereof is disposed inside of the aux 
iliary capacitance line, and a side end on the other side in a 
direction in which the drain electrode crosses the end of the 
gate electrode so as to go out from the inside of the gate 
electrode to the outside thereof is disposed outside of the 
auxiliary capacitance line, and therefore variations of the 
feedthrough Voltage, which is generated by a parasitic capaci 
tance between the gate electrode and the drain electrode, are 
Suppressed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view schematically showing a liquid crystal 
display device. 

FIG. 2 is a schematic cross-sectional view taken along the 
line II-II of FIG. 1. 

FIG. 3 is a plan view schematically showing, on an 
enlarged scale, part of a liquid crystal display device in a first 
embodiment. 

FIG. 4 is a plan view schematically showing, on an 
enlarged scale, part of an active matrix Substrate in the first 
embodiment. 

FIG. 5 is a schematic cross-sectional view taken along the 
line V-V of FIG. 3. 

FIG. 6 is a cross-sectional view schematically showing a 
glass Substrate in a state in which a gate insulating film is 
formed. 
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8 
FIG. 7 is a cross-sectional view schematically showing the 

glass Substrate in a state in which drain electrodes and an 
auxiliary capacitance electrode are formed. 

FIG. 8 is a cross-sectional view schematically showing the 
glass Substrate in a state in which pixel electrodes are formed. 

FIG. 9 is a plan view schematically showing, on an 
enlarged scale, part of a display portion of a liquid crystal 
display device in a second embodiment. 

FIG. 10 is a plan view schematically showing, on an 
enlarged scale, part of an active matrix Substrate in the second 
embodiment. 

FIG. 11 is a schematic cross-sectional view taken along the 
line XI-XI of FIG. 9. 

FIG. 12 is a plan view schematically showing, on an 
enlarged scale, part of an active matrix Substrate in a third 
embodiment. 

FIG. 13 is a cross-sectional view schematically showing, 
on an enlarged scale, part of a display portion of a liquid 
crystal display device in a fourth embodiment. 

FIG. 14 is a plan view schematically showing, on an 
enlarged scale, part of a display portion of a liquid crystal 
display device in a fifth embodiment. 

FIG. 15 is a plan view schematically showing, on an 
enlarged scale, part of an active matrix Substrate in the fifth 
embodiment. 

FIG. 16 is a plan view schematically showing, on an 
enlarged scale, part of an active matrix Substrate in another 
embodiment. 

FIG. 17 is a plan view schematically showing, on an 
enlarged scale, part of a conventional active matrix Substrate. 

FIG. 18 shows a relationship among signal patterns which 
are applied to a gate line, a source line and a pixel electrode, 
respectively. 

FIG. 19 is a plan view schematically showing, on an 
enlarged scale, part of a conventional active matrix substrate 
in which the length in the row direction in each pixel region is 
provided to be approximately three times the length in the 
column direction. 

DESCRIPTION OF EMBODIMENTS 

Embodiments of the invention will be described in detail 
below with reference to the drawings. Note that the invention 
is not limited to the following embodiments. 

First Embodiment of the Invention 

FIGS. 1 to 8 show a first embodiment of the invention. FIG. 
1 is a plan view schematically showing a liquid crystal display 
device S. FIG. 2 is a cross-sectional view schematically show 
ing the liquid crystal display device S, taken along the line 
II-II of FIG. 1. FIG. 3 is a plan view schematically showing, 
on an enlarged scale, part of the liquid crystal display device 
S. FIG. 4 is a plan view schematically showing, on an 
enlarged scale, part of one substrate 20 included in the liquid 
crystal display device S. FIG. 5 is a cross-sectional view 
schematically showing the liquid crystal display device S, 
taken along the line V-V of FIG. 3. Note that, in FIG. 4, a 
laminated insulating film 35 and pixel electrodes 36 are 
shown transparent. 
The liquid crystal display device S, as shown in FIG. 1 and 

FIG. 2, includes a liquid crystal display panel 10 in which a 
pair of substrates 20 and 40 are bonded together. The liquid 
crystal display panel 10 includes the active matrix substrate 
20, the counter substrate 40 disposed to face the active matrix 
substrate 20, and a liquid crystal layer 14 provided between 
the active matrix substrate 20 and the counter substrate 40. 
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The liquid crystal display panel 10 has a display portion D in 
which an image is displayed, and a frame portion F which is 
a non-display portion disposed outside of the display portion 
D. 
The active matrix substrate 20 and the counter substrate 40 

are formed, for example, in rectangular forms. As shown in 
FIG. 2, alignment layers 37 and 45 are provided on the sur 
faces on the sides of the liquid crystal layer 14 of the active 
matrix substrate 20 and the counter substrate 40, respectively, 
and polarizing plates (not shown) are provided on the Surfaces 
on the sides remote from the liquid crystal layer 14 of the 
active matrix substrate 20 and the counter substrate 40, 
respectively. A sealing material 15 in a frame form made of an 
epoxy resin is disposed between the active matrix substrate 20 
and the counter Substrate 40, and a liquid crystal material is 
enclosed inside of the sealing material 15, so that the liquid 
crystal layer 14 is provided. 
The display portion D, as shown in FIG. 3, includes a 

plurality of pixels 11 provided in a matrix form. Regarding 
the plurality of pixels 11, each plurality of pixels 11 arranged 
in the row direction (the lateral direction in FIG. 3) are 
included in a pixel group 12. As used herein, the minimum 
unit of image display is referred to as a “pixel.” and one “pixel 
group' includes “pixels' of a plurality of colors. Specifically, 
each pixel group 12 in the present embodiment includes red, 
green and blue pixels 11 r. 11g and 11b arranged in the form 
of stripes in the row direction. Each pixel 11 is provided such 
that the length in the column direction (the longitudinal direc 
tion in FIG. 3) is approximately three times the length in the 
row direction. Note that, in the present embodiment, the 
counter substrate 40 is provided with a black matrix 43 to be 
described later, and therefore regions in which openings of 
the black matrix 43 are formed correspond to the pixels 11. 
On the active matrix substrate 20, as shown in FIG. 4, a 

plurality of pixel regions 22 included in the corresponding 
pixels 11 are defined in a matrix form. That is, each pixel 11 
is configured such that the corresponding pixel region 22 and 
the counter substrate 40 face each other with the liquid crystal 
layer 14 interposed therebetween. The plurality of pixel 
regions 22 are included in a plurality of pixel region groups 23 
Such that a plurality of pixel regions 22 arranged in the row 
direction so as to correspond to one pixel group 12 are 
included in each pixel region group 23. 
The active matrix substrate 20 has a glass substrate 21 

shown in FIG. 5, and includes, in the display portion D on the 
glass Substrate 21, as shown in FIG. 4, a plurality of Source 
lines 24 provided to extend in parallel to one another between 
the pixel regions 22, a plurality of gate lines 25 provided to 
extend in parallel to one another in the directions intersecting 
the source lines 24 between the pixel regions 22, a plurality of 
thin film transistors (hereinafter referred to as “TFT) 27 
electrically connected to the corresponding source lines 24 
and gate lines 25, and a plurality of pixel electrodes 36 elec 
trically connected to the corresponding TFT 27. 

Each source line 24 is linearly provided to extend in the 
column direction, and each gate line 25 is linearly provided to 
extend in the row direction. Each auxiliary capacitance line 
26 is linearly provided between the gate lines 25 to extend 
along the gate lines 25. 

Each TFT 27 is provided near an intersection of the source 
line 24 and the gate line 25 for the corresponding pixel region 
22. The TFTs 27 in each pixel region group 23 are connected 
to the source lines 24 which differ from one another, and are 
connected to the same gate line 25. Each TFT 27, as shown in 
FIG. 5, is a bottom gate TFT, and includes a gate electrode 28 
electrically connected to the gate line 25, a semiconductor 
layer 30 provided to overlap the gate electrode 28, a source 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
electrode 31 connected to the semiconductor layer 30 on one 
side of the gate electrode 28, and a drain electrode 32 con 
nected to the semiconductor layer 30 on the other side of the 
gate electrode 28. 
The gate lines 25, as shown in the drawing, are formed 

together with the auxiliary capacitance lines 26 on the Surface 
of the glass Substrate 21 and are covered with the gate insu 
lating film 29. The semiconductor layer 30 of each TFT 27 is 
formed to cross part of the gate line 25 with the gate insulating 
film 29 interposed therebetween. Part of the gate line 25 
overlapping the semiconductor layer 30 forms the gate elec 
trode 28 of the TFT 27. 

Each semiconductor layer 30, which is not shown, 
includes, for example, an intrinsic amorphous silicon layer 
and n+ amorphous silicon layer laminated in sequence. The 
n+ amorphous silicon layer, from which an area overlapping 
the gate electrode 28 is partially removed, is divided into two, 
and an area of the intrinsic amorphous silicon layer exposed 
from the n+ amorphous silicon layer forms a channel 30a. 

Each source electrode 31 is formed to cross one end of the 
gate electrode 28 in the width direction of the gate line 25 to 
overlap the gate electrode 28 and the semiconductor layer 30, 
and is connected to the corresponding source line 24 as shown 
in FIG. 4. Each drain electrode 32 is formed apart from the 
source electrode 31 with the channel 30a sandwiched ther 
ebetween such that the drain electrode 32 crosses the other 
end of the gate electrode 28 so as to overlap the gate electrode 
28 and the semiconductor layer 30. 

In the same layer as the drain electrode 32, an auxiliary 
capacitance electrode 33 is provided in each pixel region 22 to 
extend along the auxiliary capacitance line 26 and to overlap 
the auxiliary capacitance line 26 such that, in each pixel 
region 22, an auxiliary capacitance for holding a potential 
written in the pixel electrode 36 is formed between the aux 
iliary capacitance line 26 and the auxiliary capacitance elec 
trode 33. Each auxiliary capacitance electrode 33 is formed 
integrally with the drain electrode 32 of the TFT 27 in the 
pixel region 22 in which the auxiliary capacitance electrode 
33 is provided. 

In each pixel region 22, the auxiliary capacitance electrode 
33 is configured, as shown in FIG. 4, such that a side end on 
one side (lower side in the drawing) in a direction in which the 
drain electrode 32 crosses an end of the gate electrode 28 so 
as to enter from the outside of the gate electrode 28 to the 
inside thereof is disposed inside of the auxiliary capacitance 
line 26, and such that a side end on the other side (upper side 
in the drawing) in a direction in which the drain electrode 32 
crosses the end of the gate electrode 28 so as to go out from the 
inside of the gate electrode 28 to the outside thereof is dis 
posed outside of the auxiliary capacitance line 26. The aux 
iliary capacitance electrode 33 in each pixel region 22 is 
disposed so as to increase and decrease an auxiliary capaci 
tance between the auxiliary capacitance line 26 and the aux 
iliary capacitance electrode 33 inaccordance with an increase 
and a decrease of a parasitic capacitance between the gate 
electrode 28 and the drain electrode 32 caused by a deviation 
in the column direction (the longitudinal direction in FIG. 4) 
of the position at which the integrally formed drain electrode 
32 is formed. 

Here, from the viewpoint of making constant a feedback 
Voltage generated by a parasitic capacitance between the 
drain electrode 32 and the gate electrode 28, regardless of the 
magnitude of the parasitic capacitance, in each pixel region 
22, it is preferable that the drain electrode 32 and the auxiliary 
capacitance electrode 33 beformed such that an increase and 
a decrease of the Sum of an auxiliary capacitance between the 
auxiliary capacitance line 26 and the auxiliary capacitance 
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electrode 33 and a liquid crystal capacitance agree with an 
increase and a decrease of the parasitic capacitance between 
the drain electrode 32 and the gate electrode 28 which are 
caused by the deviation of the position at which the drain 
electrode 32 is formed. 

Laminated above each TFT 27 and the auxiliary capaci 
tance electrodes 33 is the laminated insulating film 35, shown 
in FIG. 5, in which a silicon nitride film and an acrylic resin 
film (both not shown) are sequentially laminated. On the 
surface of the laminated insulating film 35, the pixel elec 
trodes 36 are formed. 

The pixel electrode 36, as shown in FIG. 4, is formed in a 
rectangular form whose length in the column direction is 
approximately three times the length in the row direction, and 
is provided in each pixel region 22. Note that while each pixel 
electrode 36 is formed in a rectangular form in the present 
embodiment, each pixel electrode 36 may be formed in vari 
ous forms, such as a form in which part of a rectangular 
electrode is cut away and a form in which part of the rectan 
gular electrode projects. 
A plurality of contact holes 35a for establishing connection 

with the corresponding auxiliary capacitance electrodes 33 
are formed in the laminated insulating film 35. The alignment 
of liquid crystal molecules is likely to be out of order near the 
contact holes 35a, and the contact holes 35a are formed to 
expose central portions of the corresponding auxiliary 
capacitance electrodes 33. This causes areas near the contact 
holes 35a to be shielded from light by the auxiliary capaci 
tance lines 26 and the auxiliary capacitance electrodes 33, 
which Suppresses decreases in contrast which are caused by 
light leakage. Through the contact holes 35a, the auxiliary 
capacitance electrodes 33 are connected to the corresponding 
pixel electrodes 36, so that the drain electrodes 32 of each 
TFT 27 are electrically connected through the auxiliary 
capacitance electrodes 33 to the pixel electrodes 36. 

Also, the active matrix substrate 20, as shown in FIG. 1 and 
FIG. 2, has, in the frame portion F, for example, a mounting 
portion 20a whose two adjacent sides project in the form of 
the letter L outside of the counter substrate 40. Mounted on 
one side (lower side in FIG. 1) of the mounting portion 20a 
are, for example, a plurality of gate driver IC (integrated 
circuit) chips 17 each of which a given number of gate lines 25 
are connected to. Mounted on the other side (left side in FIG. 
1) are a plurality of source driver IC chips 18 each of which a 
given number of source lines 24 are connected to. Mounted on 
each of the sides of the mounting portion 20a are a plurality of 
flexible printed wiring boards (not shown) which are electri 
cally connected to a group of gate driver IC chips 17 and a 
group of Source driver IC chips 18 and which Supply signals 
and power to the driver IC chips 17 and 18. 
The counter substrate 40, as shown in FIG. 5, has a glass 

substrate 41. On the display portion D of the glass substrate 
41, a plurality of color filters 42 whose colors correspond to 
colors of the pixels 11 are provided to overlap the correspond 
ing pixel electrodes 36, and the black matrixes 43 are pro 
vided to partition the color filters 42. Further, on a side of the 
liquid crystal layer 14 of the counter substrate 40, a common 
electrode 44 is formed to cover the color filters 42 and the 
black matrixes 43. 

In this way, the liquid crystal display device S is configured 
Such that gate signals are Supplied to the gate lines 25 to 
sequentially turn on each TFT 27, and source signals are 
supplied to the source lines 24 connected to the TFTs 27 in the 
ON state, so that potentials applied to the source electrodes 31 
of the TFTs 27 is sequentially written in the corresponding 
pixel electrodes 36 to apply voltages to the liquid crystal layer 
14 between the pixel electrodes 36 and the common elec 
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trodes 44 to control the alignment of liquid crystal molecules 
for every pixel 11 so as for a desired image to be displayed. 

Manufacturing Method 

Next, a method of manufacturing the liquid crystal display 
device S is described. 
To manufacture the liquid crystal display device S, first, the 

active matrix substrate 20 and the counter substrate 40 are 
individually fabricated, and the alignment layers 37 and 45 
are formed on the substrates 20 and 40, respectively. Then, 
both the substrates 20 and 40 are bonded to each other by 
using the sealing material 15, and the liquid crystal layer 14 is 
enclosed between both the substrates 20 and 40 by using the 
sealing material 15. The liquid crystal display panel 10 is thus 
manufactured. After the polarizing plates are attached to both 
surfaces of the liquid crystal display panel 10, the driver IC 
chips 17 and 18 and the flexible printed wiring boards are 
mounted thereon. The liquid crystal display device S of the 
invention is particularly characterized by the structure of the 
active matrix substrate 20, and therefore a method of manu 
facturing the active matrix substrate 20 is described in detail 
below with reference to FIGS. 6 to 8. FIGS. 6 to 8 are draw 
ings for showing a method of manufacturing the active matrix 
Substrate 20 and are cross-sectional views schematically 
showing an area corresponding to one pixel region 22 of the 
glass Substrate 21. 
To manufacture the active matrix substrate 20, a metal film 

(e.g., a thickness of about 50 to 500 nm) containing, for 
example, aluminum is formed over the entire one Surface of 
the glass substrate 21 by a sputtering method, and then pat 
terning of the metal film is performed by photolithography, so 
that the gate lines 25 (the gate electrodes 28) and the auxiliary 
capacitance lines 26 are formed as shown in FIG. 6. 
At this point, in the photolithography, performed as the 

exposure process in which a resist applied onto the glass 
Substrate 21 is exposed through a photomask is an exposure 
process of the step-division exposure method, in which a 
photomask Smaller than the glass Substrate 21 is disposed on 
the glass Substrate, and exposure is performed in a divided 
manner using a plurality of shots while the glass Substrate is 
moved stepwise and the photomask is replaced as necessary. 
For the Subsequent steps of the photolithography, the expo 
Sure process of the step-division exposure method is per 
formed although a description thereof is omitted. 

Subsequently, a silicon nitride film (e.g., a thickness of 
about 100 to 500 nm) or the like is formed over the entire 
surface on which the gate lines 25 (gate electrodes 28) and the 
auxiliary capacitance lines 26 are formed, by a plasma CVD 
(chemical vapor deposition) method, so that the gate insulat 
ing film 29 is formed. 

Next, an intrinsic amorphous silicon film (e.g., a thickness 
of about 50 to 100 nm) and ann+ amorphous silicon film (e.g., 
a thickness of 50 to 100 nm) in which an n-type impurity 
element, such as phosphorus, is doped are continuously 
formed over the entire surface of the gate insulating film 29 by 
the plasma CVD method, and then the intrinsic amorphous 
silicon film and the n+amorphous silicon film are patterned in 
island forms on the gate electrode 28 by photolithography, so 
that the semiconductor layers 30 are formed as shown in FIG. 
7. 

Here, the semiconductor layers 30 may be formed of an 
amorphous silicon film as described above, but may be 
formed of a poly silicon film. A laser annealing process of an 
amorphous silicon film or a poly silicon film may be per 
formed, so that the crystallinity improves. 
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Subsequently, a metal film (e.g., a thickness of about 50 to 
500 nm) containing, for example, aluminum is formed over 
the entire surface of the gate insulating film 29 on which the 
semiconductor layers 30 have been formed by a sputtering 
method, and then the metal film is patterned by photolithog 
raphy, so that the source lines 24, the source electrodes 31, the 
drain electrodes 32 and the auxiliary capacitance electrodes 
33 are formed. 

Next, by using the source electrodes 31 and the drain elec 
trodes 32 as masks, part of the n+ amorphous silicon layer of 10 
each semiconductor layer is removed by etching to form the 
channel 30a as shown in FIG. 8, so that each TFT 27 is 
formed. 

Next, a silicon nitride film (e.g., a thickness of about 100 to 
300 nm) or the like is formed to cover each TFT 27 by a 
plasma CVD method, and then an acrylic resin film (e.g., a 
thickness of about 1000 to 5000 nm) or the like is formed by 
a spin coating method, so that the laminated insulating film 35 
is formed. 

Next, part of an area on top of each auxiliary capacitance 
electrode 33 in the laminated insulating film 35 is removed by 
etching to form each contact hole 35a. Then, after a transpar 
ent conductive film (e.g., a thickness of about 100 to 200 nm) 
made of ITO (indium tin oxide) or the like is formed over the 
entire surface of the laminated insulating film 35 in which 
each contact hole 35a is formed, by a sputtering method, the 
transparent conductive film is patterned by photolithography, 
so that each pixel electrode 36 is formed. As described above, 
the active matrix substrate 20 is manufactured. 

Effects of First Embodiment 

Accordingly, with the first embodiment, in each pixel 
region 22, the auxiliary capacitance electrode 33 is config 
ured such that a side endon one side in a direction in which the 
drain electrode 32 crosses an end of the gate electrode 28 so 
as to enter from the outside of the gate electrode 28 to the 
inside thereof is disposed inside of the auxiliary capacitance 
line 26, and such that aside end on the other side in a direction 
in which the drain electrode 32 crosses the end of the gate 
electrode 28 so as to go out from the inside of the gate 
electrode 28 to the outside thereof is disposed outside of the 
auxiliary capacitance line 26. This enables the overlapping 
area of the auxiliary capacitance electrode 33 formed inte 
grally with the drain electrode 32 and the auxiliary capaci 
tance line 26 to vary in accordance with and together with the 
variation of the overlapping area of the gate electrode 28 and 
the drain electrode 32. That is, in cases where the drain 
electrode 32 deviates toward a side of the direction (lower 
side in FIG. 4) in which the drain electrode 32 crosses the end 
of the gate electrode 28 so as to enter from the outside of the 
gate electrode 28 to the inside thereof, which results in an 
increase in the overlapping area of the drain electrode 32 and 
the gate electrode 28, the auxiliary capacitance electrode 33 
also deviates toward the side of the same direction as the drain 
electrode 32, which allows the overlapping area of the auxil 
iary capacitance electrode 33 and the auxiliary capacitance 
line 26 to be increased by the amount corresponding to the 
deviation of the drain electrode 32. Alternatively, in cases 
where the drain electrode 32 deviates toward a side of the 
direction (upper side in FIG. 4) in which the drain electrode 
32 crosses the end of the gate electrode 28 so as to go out from 
the inside of the gate electrode 28 to the outside thereof, 
which results in a decrease in the overlapping area of the drain 
electrode 32 and the gate electrode 28, the auxiliary capaci 
tance electrode 33 also deviates toward the side of the same 
direction as the drain electrode 32, which allows the overlap 
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ping area of the auxiliary capacitance electrode 33 and the 
auxiliary capacitance line 26 to be decreased by the amount 
corresponding to the deviation of the drain electrode 32. 
Accordingly, since an auxiliary capacitance between the aux 
iliary capacitance electrode 33 and the auxiliary capacitance 
line 26 can be increased and decreased in accordance with an 
increase and a decrease of a parasitic capacitance between the 
gate electrode 28 and the drain electrode 32, effects of the 
parasitic capacitance and the auxiliary capacitance on the 
feedthrough Voltage cancel each other. As a result, iflines 24. 
25 and 26 and electrodes 28, 31, 32 and 33 are formed by 
photolithography including an exposure process of a step 
division exposure method, the variation of the feedthrough 
Voltage generated by the parasitic capacitance between the 
gate electrode 28 and the drain electrodes 32 can be sup 
pressed among a plurality of blocks defined for areas on the 
glass Substrate which are exposed in the corresponding shots. 
This makes it difficult for brightness irregularities among 
blocks to be visually recognized on a display Screen. 

Second Embodiment of The Invention 

FIGS. 9 to 11 show the second embodiment of the inven 
tion. Note that, in the following embodiments, the same parts 
as those in FIGS. 1 to 8 are denoted by the same reference 
characters, and the detailed description thereof is omitted. 
FIG. 9 is a plan view schematically showing one pixel group 
12 of the liquid crystal display device S of the present 
embodiment. FIG. 10 is a plan view schematically showing 
one pixel region group 23 of the active matrix substrate 20 of 
the present embodiment. FIG. 11 is a cross-sectional view 
schematically showing the liquid crystal display device S, 
taken along the line XI-XI of FIG. 9. 
The liquid crystal display device S of the present embodi 

ment is a liquid crystal display device of what is called MVA 
(multidomain vertical alignment) method. The liquid crystal 
layer 14 is made of a vertical alignment type nematic liquid 
crystal material having a negative dielectric anisotropy, and 
each of the alignment layers 37 and 45 is a vertical alignment 
layer. 
On the sides of the liquid crystal layer 14 of the active 

matrix substrate 20 and the counter substrate 40, as shown in 
FIG. 9 and FIG. 11, a plurality of alignment regulating por 
tions 36a and 46 for dividing the liquid crystal layer 14 into a 
plurality of domains for each pixel region 22, that is, in each 
pixel 11 are provided, respectively. The alignment regulating 
portions 36a of the active matrix substrate 20, as shown in 
FIG. 10 and FIG. 11, are formed of slits of openings formed 
in each pixel electrode 36. The alignment regulating portions 
46 of the counter substrate 40, as shown in FIG. 11, include 
projections formed to project toward the liquid crystal layer 
14, and are provided between the common electrode 44 and 
the vertical alignment layer 45. 
The slits 36a and the projections 46, as shown in FIG.9, are 

linearly formed to extend in oblique directions with respect to 
the gate line 25 and the source line 24. In each pixel 11, the 
slits 36a and the projections 46 are, in the upper half region in 
FIG.9, each formed to extend from upper left to lower right in 
the drawing and are alternately arranged from upper right 
toward lower left in the drawing, whereas they are, in the 
lower half region in FIG.9, each formed to extend from upper 
right to lower left in the drawing and are alternately arranged 
from upper left toward lower right in the drawing. 

Each auxiliary capacitance line 26 of the active matrix 
substrate 20 of the present embodiment, as shown in FIG.10, 
has a capacitance main line 26a provided to extend along the 
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gate lines 25 and a plurality of capacitance branch lines 26b 
provided to project from the capacitance mainline 26a to both 
sides thereof. 
The capacitance branch lines 26b, as shown in FIG. 9 and 

FIG. 11, are formed to overlap the corresponding projections 
46, and are formed to extend in the oblique directions with 
respect to the corresponding Source lines 24 and gate lines 25. 
That is, part of a plurality of projections 46 is formed to 
overlap the capacitance branch lines 26b. Note that while the 
capacitance branch lines 26b are shown thicker than the align 
ment regulating portions 36a and 46 in FIG.9 and FIG.10, the 
capacitance branch lines 26b may be formed to have a thick 
ness equal to those of the alignment regulating portions 36a 
and 46 or larger than those of the alignment regulating por 
tions 36a and 46. 

The auxiliary capacitance electrodes 33, as shown in FIG. 
10, extend along the capacitance main line 26a and the 
capacitance branch lines 26b and are provided to overlap both 
the capacitance main line 26a and the capacitance branch 
lines 26b. In each pixel region 22, the auxiliary capacitance 
electrode 33 is configured, just in one portion along the 
capacitance branch line 26b on the upper side in FIG. 10 
among portions along the capacitance main line 26a and the 
capacitance branch lines 26b, Such that a side end on one side 
(lower side in FIG. 10) in a direction in which the drain 
electrode 32 crosses the end of the gate electrode 28 so as to 
enter from the outside of the gate electrode 28 to the inside 
thereof is disposed along the side end on the one side of the 
capacitance branch line 26b to be inside of the auxiliary 
capacitance line 26, and Such that a side end on the other side 
(upper side in FIG. 10) in a direction in which the drain 
electrode 32 crosses the end of the gate electrode 28 so as to 
go out from the inside of the gate electrode 28 to the outside 
thereof is disposed along the side end on the other side of the 
capacitance branch line 26b to be outside of the auxiliary 
capacitance line 26. 

Effects of Second Embodiment 

Accordingly, with this second embodiment, in each pixel 
region 22, the auxiliary capacitance electrode 33 is config 
ured such that the side end on one side in the direction in 
which the drain electrode 32 crosses the end of the gate 
electrode 28 so as to enter from the outside of the gate elec 
trode 28 to the inside thereof is disposed inside of the auxil 
iary capacitance line 26, and Such that the side end on the 
other side in the direction in which the drain electrode 32 
crosses the end of the gate electrode 28 so as to go out from the 
inside of the gate electrode 28 to the outside thereof is dis 
posed outside of the auxiliary capacitance line 26. Therefore, 
similar effects to those in the above the first embodiment can 
be obtained. 

In addition to this matter, since the vertical alignment lay 
ers 37 and 45 and a plurality of alignment regulating portions 
36a and 46 for dividing the liquid crystal layer 14 into a 
plurality of domains for each pixel 14 are provided on the 
sides of the liquid crystal layer 14 of the active matrix sub 
strate 20 and the counter substrate 40, respectively, when a 
Voltage is not applied to the liquid crystal layer 14, just liquid 
crystal molecules near the slits 36a and the projections 46 are 
aligned in a tilted manner centered at the slits 36a and the 
projections 46, and all other liquid crystal molecules apart 
from the slits 36a and the projections 46 are aligned perpen 
dicular to the surface of the active matrix substrate 20 
(counter substrate 40). When a voltage is applied to the liquid 
crystal layer 14, liquid crystal molecules apart from the slits 
36a and the projections 46 are aligned in accordance with the 
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tilted alignment of the liquid crystal molecules near the slits 
36a and the projections 46. This can Suppress the amount of 
transmitted light which varies with the angle of visual recog 
nition, thereby allowing improvement of visual angle charac 
teristics during displaying an image. This improvement 
allows the viewing angle to increase. 

Further, since each auxiliary capacitance electrode 33 is 
provided to overlap both the capacitance main line 26a and 
the capacitance branch line 26b, the overlapping area of the 
auxiliary capacitance electrode 33 and the auxiliary capaci 
tance line 26 becomes large, which results in an increase in 
auxiliary capacitance to decrease the feedthrough Voltage. In 
addition to this matter, by lengtheningaportion which crosses 
a side end of the auxiliary capacitance line 26 in the auxiliary 
capacitance electrode 33, it becomes possible to increase the 
auxiliary capacitance which increases and decreases in accor 
dance with an increase and a decrease in parasitic capacitance 
between the gate electrode 28 and the drain electrode 32. This 
enables an increase and a decrease of the auxiliary capaci 
tance with respect to an increase and a decrease in parasitic 
capacitance between the gate electrode 28 and the drain elec 
trode 32 to be appropriately adjusted, which enables varia 
tions of the feedthrough Voltage to be suppressed as much as 
possible. 

In areas where the alignment regulating portions 36a and 
46 are provided, the alignment of liquid crystal molecules is 
likely to be out of order, and therefore light transmittance is 
likely to decrease and light leakage is likely to occur. In areas 
where the auxiliary capacitance line 26 and the auxiliary 
capacitance electrode 33 are provided, the auxiliary capaci 
tance line 26 and the auxiliary capacitance electrode 33 block 
light transmission to decrease the light transmittance. In the 
present embodiment, part of the plurality of projections 46 is 
formed to overlap the corresponding capacitance branch lines 
26b. Therefore, compared to cases where the plurality of 
projections 46 are formed so as not to overlap either the 
auxiliary capacitance lines 26 or the auxiliary capacitance 
electrodes 33, it is possible in this embodiment to suppress the 
decrease in light transmittance, and Suppress light leakage 
from the areas where liquid crystal molecules are likely to be 
out of alignment, so that contrast can be increased. 

Third Embodiment of the Invention 

FIG. 12 shows the third embodiment of the invention. FIG. 
12 is a plan view schematically showing one pixel region 
group 23 of the active matrix substrate 20 of the present 
embodiment. 
The liquid crystal display device S in the present third 

embodiment, as in the above the second embodiment, is an 
MVA liquid crystal display device. In the auxiliary capaci 
tance electrode 33 of each pixel region 22, a side end on one 
side in the direction in which the drain electrode 32 crosses 
the end of the gate electrode 28 so as to enter from the outside 
of the gate electrode 28 to the inside thereofis disposed inside 
of the auxiliary capacitance line 26, and a side end on the 
other side in the direction in which the drain electrode 32 
crosses the end of the gate electrode 28 so as to go out from the 
inside of the gate electrode 28 to the outside thereof is dis 
posed outside of the auxiliary capacitance line 26. 

In the above second embodiment, in each auxiliary capaci 
tance electrode 33, the side end on one side just in one portion 
along the capacitance branch line 26b on the upper side in 
FIG. 10 among portions along the capacitance main line 26a 
and the capacitance branch lines 26b is disposed inside of the 
auxiliary capacitance line 26, and the side end on the other 
side is disposed outside of the auxiliary capacitance line 26. 
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In the present embodiment, however, in each auxiliary 
capacitance electrode 33, as shown in FIG. 12, side ends on 
the one side (lower side in the drawing) in a plurality of 
portions along the capacitance branch lines 26b on both sides 
in the upper and lower directions in the drawing are disposed 
along the side ends on one side of the capacitance branch lines 
26b to be inside of the auxiliary capacitance line 26, and side 
ends of the other side (upper side in the drawing) are disposed 
along the side ends on the other side of the capacitance branch 
lines 26b to be outside of the auxiliary capacitance line 26. 

Effects of Third Embodiment 

Accordingly, with this third embodiment, in each pixel 
region 22, the auxiliary capacitance electrode 33 is config 
ured such that the side end on one side in the direction in 
which the drain electrode 32 crosses the end of the gate 
electrode 28 so as to enter from the outside of the gate elec 
trode 28 to the inside thereof is disposed inside of the auxil 
iary capacitance line 26, and Such that the side end on the 
other side in the direction in which the drain electrode 32 
crosses the end of the gate electrode 28 so as to go out from the 
inside of the gate electrode 28 to the outside thereof is dis 
posed outside of the auxiliary capacitance line 26. Therefore, 
similar effects to those in the above first embodiment can be 
obtained. 

Further, in a plurality of portions along the capacitance 
branch lines 26b among portions along the capacitance main 
line 26a and the capacitance branch lines 26b in each auxil 
iary capacitance electrode 33, side ends on the one side are 
disposed inside of the auxiliary capacitance line 26, and side 
ends on the other side are disposed outside of the auxiliary 
capacitance line 26. This increases the auxiliary capacitance, 
which increases and decreases in accordance with an increase 
and a decrease in parasitic capacitance between the gate elec 
trode 28 and the drain electrode 32, more than the case in 
which, in one portion among portions along the capacitance 
main line 26a and the capacitance branch lines 26b, the side 
end on the one side is disposed inside of the auxiliary capaci 
tance line 26, and the side end on the other side is disposed 
outside of the auxiliary capacitance line 26. Thus, an increase 
and a decrease of the auxiliary capacitance with respect to an 
increase and a decrease in parasitic capacitance between the 
gate electrode 28 and the drain electrode 32 is appropriately 
adjusted, which enables variations of the feedthrough voltage 
to be suppressed as much as possible. 

Fourth Embodiment of the Invention 

FIG. 13 shows the fourth embodiment of the invention. 
FIG. 13 is a plan view schematically showing one pixel region 
22 of the active matrix substrate 20 of the present embodi 
ment. 

While the MVA liquid crystal display devices Shave been 
described in the above second and third embodiments, the 
liquid crystal display device S in the present embodiment is a 
liquid crystal display device of what is called PVA (patterned 
Vertical alignment) method. 
The active matrix substrate 20 is configured in the same 

manner as the above second embodiment. The alignment 
regulating portions 36a and 44a of the active matrix Substrate 
20 and the counter substrate 40 are disposed in the same 
manner as the above second embodiment, and the alignment 
regulating portions 36a of the active matrix substrate 20 are 
made of slits formed in the corresponding pixel electrodes 36. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
Alignment regulating portions 44a of the counter Substrate 
40, as shown in FIG. 13, are made of slits formed in the 
common electrode 44. 

Note that the active matrix substrate 20 may be configured 
in the same manner as the above third embodiment. 

Effects of Fourth Embodiment 

Accordingly, in this fourth embodiment, the active matrix 
Substrate 20 is configured in the same manner as the above 
second embodiment, and therefore the effects similar to those 
of the above first embodiment can be obtained. 
Even with the alignment regulating portions 36a and 44a of 

both the active matrix substrate 20 and the counter substrate 
40 being made of slits, when a Voltage is not applied to the 
liquid crystal layer 14, just liquid crystal molecules near the 
slits 36a and 44a are aligned in a tilted manner centered at the 
slits 36a and 44a, and all other liquid crystal molecules apart 
from the slits 36a and 44a are aligned perpendicular to the 
surface of the active matrix substrate 20 (counter substrate 
40). When a voltage is applied to the liquid crystal layer 14, 
liquid crystal molecules apart from the slits 36a and 44a are 
aligned in accordance with the tilted alignment of the liquid 
crystal molecules near the slits 36a and 44a. This can Sup 
press the amount of transmitted light which varies with the 
angle of visual recognition, thereby allowing visual angle 
characteristics to be improved during displaying an image. 
This improvement allows the viewing angle to be increased. 

Fifth Embodiment of the Invention 

FIGS. 14 and 15 show the fifth embodiment of the inven 
tion. FIG. 14 is a plan view schematically showing one pixel 
group 12 of the liquid crystal display device S in the present 
embodiment. FIG. 15 is a plan view schematically showing 
one pixel region group 23 of the active matrix substrate 20 in 
the present embodiment. 
A plurality of pixels 11 of the present embodiment, as 

shown in FIG. 14, are included in a plurality of pixel groups 
12 such that the pixels 11r, 11g and 11b in a plurality of colors 
which are arranged in the form of stripes in the column 
direction and which are aligned along the Source lines 24 are 
included in each pixel group 12. Each pixel 11 is provided 
Such that the length in the row direction is approximately 
three times the length in the column direction. 

In the above first embodiment, each TFT 27 in each pixel 
region group 23 are connected to the source lines 24 which are 
different from one another and are connected to the same gate 
line 25. In the present embodiment, however, as shown in 
FIG. 15, each TFT 27 in each pixel region group 23 is con 
figured such that the source electrodes 31 are connected to the 
same source line 24, and the gate electrodes 28 are connected 
to the gate lines 25 which differ from one another. 

Like the above first embodiment, in each pixel region 22, 
the auxiliary capacitance electrode 33 is configured Such that 
a side end on one side (lower side in FIG. 15) in a direction in 
which the drain electrode 32 crosses the end of the gate 
electrode 28 so as to enter from the outside of the gate elec 
trode 28 to the inside thereof is disposed inside of the auxil 
iary capacitance line 26, and Such that a side end on the other 
side (upper side in FIG. 15) in a direction in which the drain 
electrode 32 crosses the end of the gate electrode 28 so as to 
go out from the inside of the gate electrode 28 to the outside 
thereof is disposed outside of the auxiliary capacitance line 
26. 

Effects of Fifth Embodiment 

Accordingly, with this fourth embodiment, in each pixel 
region 22, the auxiliary capacitance electrode 33 is config 
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ured such that the side end on one side in the direction in 
which the drain electrode 32 crosses the end of the gate 
electrode 28 so as to enter from the outside of the gate elec 
trode 28 to the inside thereof is disposed inside of the auxil 
iary capacitance line 26, and Such that the side end on the 
other side in the direction in which the drain electrode 32 
crosses the end of the gate electrode 28 so as to go out from the 
inside of the gate electrode 28 to the outside thereof is dis 
posed outside of the auxiliary capacitance line 26. Therefore, 
similar effects to those in the above first embodiment can be 
obtained. 
As shown in FIG. 19, regarding a conventional active 

matrix Substrate, in cases where the length in the row direc 
tion in each pixel region 108 is provided to be approximately 
three times the length in the column direction, intervals 109 
between the gate lines 101 and the auxiliary capacitance lines 
105 are made smaller than those in cases where the length in 
the column direction in each pixel region is approximately 
three times the length in the row direction, from the viewpoint 
of fully shielding areas near the contact holes 103 of the 
laminated insulating film from light by the auxiliary capaci 
tance lines 105. This causes the lines 101 and 105 to be easily 
short-circuited to each other, and therefore the yields tend to 
decrease. 

In contrast, in the present embodiment, as shown in FIG. 
15, in each pixel region 22, a side end of the auxiliary capaci 
tance electrode 33 on a side (upper side in the drawing) of the 
direction in which the drain electrode 32 crosses the end of the 
gate electrode 28 so as to go out from the inside of the gate 
electrode 28 to the outside thereof is disposed outside of the 
auxiliary capacitance line 26. This enables light shielding for 
the contact hole 35a to be fully performed by the auxiliary 
capacitance electrode 33 in an area on the side where the 
auxiliary capacitance electrode 33 is disposed outside of the 
auxiliary capacitance line 26, and therefore the decrease of 
intervals 38 between the gate lines 25 and the auxiliary 
capacitance lines 26 can be suppressed, so that mutual short 
circuiting between the lines 25 and 26 can be suppressed. 

Further, in each pixel region group 23, the source elec 
trodes 31 are connected to the same source line 24, and the 
gate electrodes 28 are connected to the gate lines 25 which 
differ from one another. Therefore, the number of source lines 
24 connected to the source electrode 31 of each pixel region 
group 23 can be made Smaller than that in cases where, in each 
pixel region group 23, the source electrodes 31 are connected 
to the source lines 24 which differ from one another and the 
gate electrodes 28 are connected to the same gate line 25. This 
enables the number of source driver IC chips 18, which are 
more expensive than the gate driver IC chips 17, to be 
decreased, and therefore cost can be reduced. 

Other Embodiments 

In the above embodiments, the auxiliary capacitance elec 
trode 33 in each pixel region 22 is disposed such that the 
auxiliary capacitance between the auxiliary capacitance line 
26 and the auxiliary capacitance electrode 33 increases and 
decreases inaccordance with an increase and a decrease of the 
parasitic capacitance between the gate electrode 28 and the 
drain electrode 32 which are caused by the deviation in the 
column direction of the position at which the drain electrode 
32 is integrally formed. However, the invention is not limited 
to this. As shown in FIG. 16, the auxiliary capacitance elec 
trode 33 in each pixel region 22 may be disposed such that the 
auxiliary capacitance between the auxiliary capacitance line 
26 and the auxiliary capacitance electrode 33 increases and 
decreases inaccordance with an increase and a decrease of the 
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20 
parasitic capacitance between the gate electrode 28 and the 
drain electrode 32 which are caused by the deviation in the 
row direction (the lateral direction in the drawing) of the 
position at which the drain electrode 32 is integrally formed. 

Specifically, as shown in FIG.16, each gate electrode 28 is 
provided to project from the gate line 25 on a side of the 
auxiliary capacitance line 26 (upper side in the drawing), each 
semiconductor layer 30 is provided to overlap the gate elec 
trode 28, and, in each pixel region 22, a side end on one side 
(left side in the drawing) of the drain electrode 32 is disposed 
inside of the semiconductor layer 30, and a side end on the 
other side (right side in the drawing) is disposed outside of the 
semiconductor layer 30. In eachauxiliary capacitance line 26, 
a swell 26c which swells in the column direction is provided 
in a portion overlapping the auxiliary capacitance electrode 
33. In each pixel region 22, the auxiliary capacitance elec 
trode 33 may be configured such that a side end on one side 
(left side in FIG. 16) in the direction in which the drain 
electrode 32 crosses the end of the gate electrode 28 so as to 
enter from outside of the gate electrode 28 to inside thereof is 
disposed along a side end on one side of the swell 26c in the 
auxiliary capacitance line 26 to be inside of the auxiliary 
capacitance line 26, and Such that a side end on the other side 
(right side in FIG. 16) in the direction in which the drain 
electrode 32 crosses the end of the gate electrode 28 so as to 
go out from the inside of the gate electrode 28 to the outside 
thereof is disposed along a side end on the other side of the 
swell 26c to be outside of the auxiliary capacitance line 26. 
With Such a configuration, since the auxiliary capacitance 

between the auxiliary capacitance electrode 33 and the aux 
iliary capacitance line 26 can be increased and decreased in 
accordance with an increase and a decrease of the parasitic 
capacitance between the gate electrode 28 and the drain elec 
trode 32, effects of the parasitic capacitance and the auxiliary 
capacitance on the feedthrough Voltage cancel each other. As 
a result, it becomes possible to Suppress variations of the 
feedthrough Voltage generated by the parasitic capacitance 
between the gate electrode 28 and the drain electrode 32. 

In the above embodiments, the drain electrodes 32 and the 
corresponding auxiliary capacitance electrodes 33 are inte 
grally formed. However, the invention is not limited to this, 
and the drain electrodes and the auxiliary capacitance elec 
trodes may be separately formed. In cases where the drain 
electrodes and the auxiliary capacitance electrodes are sepa 
rately formed in this way, an active matrix Substrate is con 
figured, for example, such that contact holes which pass 
through a laminated insulating film are formed on drain elec 
trodes and auxiliary capacitance electrodes, and the drain 
electrodes and the auxiliary capacitance electrodes are con 
nected through the contact holes to pixel electrodes, so that 
the drain electrodes and the auxiliary capacitance electrodes 
are electrically connected. 

In the above second embodiment, the alignment regulating 
portions 36a of the active matrix substrate 20 are made of slits 
of openings which are formed in the corresponding pixel 
electrodes 36, and the alignment regulating portions 46 of the 
counter substrate 40 are made of projections. However, the 
invention is not limited to this, and the alignment regulating 
portions of the active matrix substrate 20 may be made of 
projections which are formed to project on the side of the 
liquid crystal layer 14, and alignment regulating portions of 
the counter substrate 40 may be made of slits of openings 
which are formed in the common electrode 44. The slits of the 
active matrix substrate 20 may be made of cutouts. Even with 
Such a configuration, it becomes possible to obtain effects 
similar to those in the above second embodiment. 
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In the above second embodiment, the capacitance branch 
lines 26b are formed to overlap the projections 46. However, 
the invention is not limited to this. The capacitance branch 
lines 26b may be formed to overlap the slits 36a, and part of 
the slits 36a may beformed to overlap the capacitance branch 
lines 26b. It is preferable that at least part of a plurality of 
alignment regulating portions 36a and 46 beformed to over 
lap at least part of the auxiliary capacitance lines 26 and the 
auxiliary capacitance electrodes 33. 

With Such a configuration, part of a plurality of alignment 
regulating portions 36a and 46 near which alignment of liquid 
crystal molecules is likely to be out of order is formed to 
overlap at least part of the auxiliary capacitance line 26 and 
the auxiliary capacitance electrode 33 which block light 
transmission. It is therefore possible to Suppress the decrease 
in light transmittance, and Suppress light leakage from the 
areas where liquid crystal molecules are likely to be out of 
alignment, which enables contrast to be increased, compared 
to cases where part of the plurality of alignment regulating 
portions 36a and 46 is formed in another area, that is, the 
plurality of alignment regulating portions 36a and 46 are 
formed so as not to overlap either the auxiliary capacitance 
line 26 or the auxiliary capacitance electrode 33. 

In the above fourth embodiment, FIG. 15 shows one lin 
early formed auxiliary capacitance line 26. However, the 
invention is not limited to this. In the active matrix substrate 
20 where the source electrodes 31 in each pixel region group 
23 are connected to the same source lines 24, and the gate 
electrodes 28 are connected to the gate lines 25 which differ 
from one another, each auxiliary capacitance line 26 may 
have a capacitance main line provided to extend along the 
gate line 25 and a capacitance branch line provided to project 
to a side from the capacitance main line, as in the above 
second embodiment, and further the auxiliary capacitance 
electrode 33 may be provided to overlap the capacitance main 
line and the capacitance branch line. 

In the above embodiments, descriptions have been given, 
taking as an example the liquid crystal display device S to 
which the active matrix substrate 20 is applied. However, the 
invention is not limited to this, and is applicable to other 
display devices, such as organic electroluminescent display 
devices. 

INDUSTRIAL APPLICABILITY 

As described above, the invention is useful for an active 
matrix Substrate and a liquid crystal display device, and more 
particularly is suitable for an active matrix Substrate and a 
liquid crystal display device in which there is a need for 
Suppressing variations of a feedthrough Voltage generated by 
a parasitic capacitance between a gate electrode and a drain 
electrode. 

DESCRIPTION OF REFERENCE CHARACTERS 

S Liquid Crystal Display Device 
11 Pixel 
11r Red Pixel 
11g Green Pixel 
11b Blue Pixel 
12 Pixel Group 
14 Liquid Crystal Layer 
15 Sealing Material 
17 Source Driver IC Chip 
18 Gate Driver IC Chip 
20 Active Matrix Substrate 
22 Pixel Region 
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22 
23 Pixel Region Group 
24 Source Line 
25 Gate Line 
26 Auxiliary Capacitance Line 
26a Capacitance Main Line 
26b Capacitance Branch Line 
27 TFT (Thin Film Transistor) 
28 Gate Electrode 
30 Semiconductor Layer 
31 Source Electrode 
32 Drain Electrode 
33 Auxiliary Capacitance Electrode 
36 Pixel Electrode 
36a Slit (Alignment Regulating Portion) 
37 Alignment Layer (Vertical Alignment Layer) 
40 Counter Substrate 
44 Common Electrode 
44a Slit (Alignment Regulating Portion) 
45 Alignment Layer (Vertical Alignment Layer) 
46 Projection (Alignment Regulating Portion) 

The invention claimed is: 
1. An active matrix Substrate, comprising: 
a plurality of pixel regions defined in a matrix form; 
a plurality of source lines provided to extend in parallel to 

one another between the pixel regions; 
a plurality of gate lines provided to extend in parallel to one 

another in directions intersecting the Source lines; 
a plurality of auxiliary capacitance lines provided to each 

extend between the gate lines; 
a plurality of thin film transistors each having a gate elec 

trode electrically connected to one of the gate lines, a 
semiconductor layer provided to overlap the gate elec 
trode, a source electrode provided to overlap the gate 
electrode and the semiconductor layer, the source elec 
trode being electrically connected to one of the source 
lines, and a drain electrode provided to cross an end of 
the gate electrode so as to overlap the gate electrode and 
the semiconductor layer, and 

a plurality of auxiliary capacitance electrodes provided in 
the corresponding pixel regions to extend along the aux 
iliary capacitance lines and to overlap the auxiliary 
capacitance lines, in a same layer as the drain electrode 
of each of the thin film transistors, wherein 

in each of the auxiliary capacitance electrodes of the pixel 
regions, a side end on one side is disposed inside of one 
of the auxiliary capacitance lines, the side end on one 
side being in a direction in which the drain electrode 
crosses the end of the gate electrode so as to enter from 
outside of the gate electrode to inside thereof, and a side 
end on another side is disposed outside of the one of the 
auxiliary capacitance lines, the side end on another side 
being in a direction in which the drain electrode crosses 
the end of the gate electrode so as to go out from the 
inside of the gate electrode to the outside thereof. 

2. The active matrix substrate of claim 1, wherein 
each of the auxiliary capacitance lines has a capacitance 

main line provided to extend along one of the gate lines, 
and a capacitance branch line provided to project to a 
side from the capacitance main line, and 

each of the auxiliary capacitance electrodes is provided to 
overlap the capacitance main line and the capacitance 
branch line. 

3. The active matrix substrate of claim 1, wherein 
the plurality of pixel regions are included in a plurality of 

pixel region groups arranged along the source lines, and 
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in each of the pixel region groups, the source electrodes are 
connected to the same one of the source lines, and the 
gate electrodes are connected to the gate lines which 
differ from one another. 

4. A liquid crystal display device, comprising: 
the active matrix substrate of claim 1: 
a counter Substrate disposed to face the active matrix Sub 

strate; and 
a liquid crystal layer provided between the active matrix 

Substrate and the counter substrate. 

5. The liquid crystal display device of claim 4, wherein 
a vertical alignment layer and a plurality of alignment 

regulating portions for dividing the liquid crystal layer 
into a plurality of domains for each of the pixel regions 
are provided on each of sides of the liquid crystal layer of 
the active matrix Substrate and the counter Substrate, and 

at least part of the plurality of alignment regulating por 
tions is formed to overlap at least one of the auxiliary 
capacitance lines and the auxiliary capacitance elec 
trodes. 

6. The liquid crystal display device of claim 5, wherein 
each of the auxiliary capacitance lines has a capacitance 

main line provided to extend along one of the gate lines, 
and a capacitance branch line provided to project to a 
side from the capacitance main line, and 

each of the auxiliary capacitance electrodes is provided to 
overlap the capacitance main line and the capacitance 
branch line. 
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7. The liquid crystal display device of claim 6, wherein 
each of the auxiliary capacitance electrodes is provided to 

extend along the capacitance main line and the capaci 
tance branch line Such that, in a plurality of portions 
among portions along the capacitance main line and the 
capacitance branch line, the side end on one side is 
disposed inside of the auxiliary capacitance line, and the 
side end on another side is disposed outside of the aux 
iliary capacitance line. 

8. The liquid crystal display device of claim 5, wherein 
a pixel electrode electrically connected to the drain elec 

trode is provided in each of the pixel regions, 
each of the alignment regulating portions of the active 

matrix substrate is made of a slit formed in the pixel 
electrode, and 

each of the alignment regulating portions of the counter 
Substrate is made of a projection formed to project on the 
side of the liquid crystal layer. 

9. The liquid crystal display device of claim 5, wherein 
a pixel electrode electrically connected to the drain elec 

trode is provided in each of the pixel regions, 
on the side of the liquid crystal layer of the counter sub 

strate, a common electrode is provided to overlap the 
pixel electrode, 

each of the alignment regulating portions of the active 
matrix substrate is made of a slit formed in the pixel 
electrode, and 

each of the alignment regulating portions of the counter 
Substrate is made of a slit formed in the common elec 
trode. 


